Abstract: Various constitutive models have been applied to the analyses of localized deformation of solids. However, most of them fall within the framework of the conventional plasticity premising that the interior of yield surface is an elastic domain and obeys the plastic potential theory in which the plastic stretching is independent of the stress rate component tangential to the yield surface. Therefore, they predict a stiff elastic response until the stress reaches the yield state and further a stiff elastoplastic response after yielding. On the other hand, the subloading surface model falling within the unconventional plasticity would be only the model capable of describing pertinently the plastic deformation induced by the rate of stress within the yield surface in general loading process including the unloading, reloading and inverse loading. Further, the numerical calculation by this model is quite efficient disusing the special algorism, e.g. the mean normal method and the radial return method in order to make the stress lie just on the yield surface in the plastic loading process since it contains the controlling function to make the stress approach automatically the yield surface in the plastic loading process. Further, this model is recently extended so as to describe the tangential stress rate effect, i.e. the inelastic deformation induced by the stress rate component tangential to the subloading surface. In this article the post-localized deformation of metal due to the shear band formation is analyzed by the finite element method incorporating the subloading surface model with the tangential stress rate effect. Thus, the influence of the tangential stress rate effect on the shear band formation is discussed exhibiting several examples of the deformation patterns.
INTRODUCTION
Localization of deformation causing the so-called shear band in materials is widely observed when a deformation becomes large approaching a failure. The occurrence of the localization is unavoidable even in the element test of material specimen, even though every effort is made to prevent inhomogeneity of deformation. The formation of shear band could be regarded as the bifurcation from the homogeneous fundamental path that can hold only in unstable manner, resulting in the so-called material instability.
Various constitutive models have been applied to the analyses of localized deformation of solids (cf. e.g. [1] [2] [3] [4] [5] ). However, most of them fall within the framework of the conventional plasticity [6] premising that the interior of yield surface is an elastic domain and obeys the plastic potential theory in which the plastic stretching is independent of the stress rate component tangential to the yield surface, whilst let the stress rate component tangential to the yield surface and its influence on the inelastic stretching be called the tangential stress rate and the tangential stress rate effect. The disregards of the plastic stretching due to the rate of stress within the yield surface and the tangential stress rate effect lead to predict unrealistically stiff response of materials.
As reviewed by Hashiguchi and Tsutsumi [8] , various elastoplastic constitutive equations extended so as to describe the tangential stress rate effect have been proposed up to the present. Among them, however, only the model proposed by Hashiguchi [7] and Hashiguchi and Tsutsumi [8] would be applicable to an arbitrary loading process including an unloading and a reloading processes, fulfilling the mechanical requirements for constitutive equations [9] [10] [11] , i.e. the continuity condition, the smoothness condition and the work rate-stiffness relaxation. It is formulated by introducing the additional stretching, named the tangential stretching, induced by the deviatoric tangential stress rate into the subloading surface model [12] [13] [14] [15] . It is of simple form of rate-linearity and keeps the symmetry of the stiffness modulus, and thus enables the reciprocal expression, i.e. the analytical expression of stretching in terms of stress rate and its inverse expression, leading to the convenience in the analyses of boundary value problems.
In this article the post-localized deformation due to the shear band formation of metal subjected to tensional axial strain under the plain strain condition is analyzed by the finite element method incorporating the subloading surface model with the tangential stress rate effect. Then, the influence of the tangential stress rate effect on the shear band formation is discussed exhibiting examples of the deformation patterns for several levels of axial strain. yield surface is not a purely elastic domain but a plastic deformation is induced by the rate of stress inside the yield surface. Here, assume that only the normal-plastic stretching is directly dependent on the conventional yield surface. Thus, the conventional yield surface is renamed as the normal-yield surface, since it is concerned only with the normal-plastic stretching. Now, let the subloading surface be introduced, which ymptotically approaches the normal-yield surface in the loading process of the normal-plastic stretching, i.e. Dp where U is the monotonically decreasing function of the normal-yield ratio R, satisfying the condition where u is the material constant prescribing the approaching rate of the current stress to the normal-yield surface by a plastic deformation. Substitution of Eq. (11) into Eq. (9) leads to the extended consistency condition for the subloading surface:
SUBLOAING SURFACE
The substitution of Eq. (15) where W is the continuum spin (screw-symmetric part of velocity gradient).
FINITE ELEMENT PROCEDURE
The following virtual work principle for the finite deformation theory based on the updated-Lagrangian formulation for describing the deformation behavior in the post-localized process is adopted.
with the nominal traction force rate in the current configuration as under the given boundary conditions. 5) Compute the strain and stress increments using the following expressions:
the nodal displacement increment to the strain increment and the spin increment, respectively. Here, the positive proportionality factor in Eq. (33) side-boundary as shown in Fig. 4 (b) and then spreads in the specimen as shown in Fig. 4 (c) In addition, the stress-strain curves for the different numbers of elements are compared in Fig. 7 . The mesh dependency is slightly observed.
The distributions of the magnitude of the tangenelements) are shown at different axial strain levels in Fig.  8 . It is observed that the tangential-inelastic stretching increases as the shear band formation proceeds. In other words, the tangential-inelastic stretching contributes significantly to the shear band formation.
CONCLUSIONS
The finite element program incorporating the subloading surface model with the tangential stress rate effect is developed for describing the deformation behavior in the post-localization process. The main features of the program are as follows: 1) The present program does not include a special algorithm for the yielding-judgment and the control of stress so as to lie just on the yield surface in the plastic-loading process since in the subloading surface model the stress always lies on the subloading surface playing the role of loading surface and the stress controlling function so as to approach the yield surface is contained.
2) The tangential stress rate effect can be described for a general loading process including the unloading, the reloading and the inverse loading of materials with an arbitrary yield surface. On the other hand, the rate form of the J2-deformation theory [3] is applicable only to the von Mises yield condition without the kinematic hardening for a near proportional loading and the corner theory is applicable only to the monotonic loading process. 3) Thus, the computation could be performed efficiently in a high accuracy and generality.
In the simulation of the plane strain tensional deformation of metal the following facts are revealed: i) Taking the tangential stress rate effect into account, the shear band formation is clearly observed and thus the axial stress lowers as the effect increases after the bifurcation point.
ii) The width of shear band is intensely dependent on the material parameter for the tangential stretching, i.e. the tangential stress rate effect.
